BACKGROUND: Periodontal disease is the most prevalent diseases of the oral cavity. Etiology of periodontal diseases has been related to the dental plaque biofilm. Therefore, regular removal of dental plaque and prevention of its formation is essential to maintain optimum oral health. Plaque control measures have been broadly classified into -mechanical and chemical plaque control. Mechanical plaque control is a simple and effective tool for oral prophylaxis. Particularly, the daily use of a manual toothbrush with a toothpaste prevents oral diseases. A variety of toothbrush designs and configurations have been manufactured and evaluated for their efficacy AIMS: To design an ergonomic novel toothbrush and compare its efficacy of oral hygiene with a standard commercial toothbrush and to assess and compare the satisfaction and comfort of the toothbrushes among the study subjects, through a self-constructed questionnaire.
Introduction
P eriodontal diseases and dental caries are the most prevalent diseases of the oral cavity. [1] Etiology of gingival and periodontal diseases has been related to the dental plaque biofilm. Prevention of diseases of the teeth and periodontium is one of the main aims of dental therapy. [2] Loe, Theilade, and Jensen, from their "Experimental Gingivitis study" in 1965 showed that abstinence from all oral hygiene measures resulted in marginal gingivitis within 10-21 days. [3] Gingivitis resulted from a qualitative and quantitative change in the microbial plaque and on reinstitution of oral hygiene measures, healthy gingival condition was reestablished. Therefore, regular removal of dental plaque and prevention of its formation is essential to maintain optimum oral health.
Plaque control measures have been broadly classified into mechanical and chemical plaque control. Mechanical plaque control is a simple and effective tool for oral prophylaxis. Particularly, the daily use of a manual toothbrush in conjunction with a fluoridated toothpaste is likely to be the most widely used, simple, and economic method for the prevention of oral diseases. [4] The toothbrush is designed primarily to promote cleanliness of teeth and oral cavity. The invention and use of toothbrush dates as early as 1600 BC in China and was introduced to the Western world in 1640. In India, before the widespread use of toothbrush, "chewing sticks" were routinely used for oral hygiene practice. The forerunners of modern-age toothbrushes were developed in the 1930s. Toothbrush bristles were initially made from hog's hair until 1938 when nylon bristles were introduced. [5] Since then, manual toothbrushes have been manufactured with plastic handles and nylon bristles, making them lightweight, durable, and extremely economical.
According to the European Workshop on Mechanical Plaque Control in 1998 -an acceptable manual toothbrush should have a handle size that is appropriate for the user's age and dexterity and a head size that is appropriate for the user's mouth with round-ended nylon or polyester bristles. The bristle properties may vary according to its thickness, stiffness, arrangement, angulation, and density. [6] Several types of bristle designs have been developed, namely, flat trim, multilevel, wavy, zig-zag, and criss-cross. [7] According to a systematic review by Slot et al., toothbrushes with multilevel bristle configuration improved plaque removal efficacy by 7%-9% and angled tuft configuration scored better in the mean plaque reduction by 12%-15% as compared to traditional flat-trimmed bristles. [8] An interplay of several characteristics of a toothbrush has been recognized for superior plaque removal.
The standard commercial toothbrushes for adults are available with a head size that is frequently large and incompetent in removing plaque, especially from the posterior difficult-to-reach areas of the mouth. Hence, the purpose of this study was to design an ergonomic and novel toothbrush with a unique head and bristle configuration and evaluate its comfort and satisfaction among the study participants.
Materials and Methods

Design of the control toothbrush Toothbrush 1
Toothbrush 1 (TB1) is the control toothbrush.
The handle is made from polypropylene plastic. The head has a rectangular head design with a 34 mm in length and 11.8 mm in width [ Figure 1 ]. The bristle design is flat trim, composed of 4 rows of bristles. The outer two rows of bristles have 11 tufts each, and the inner two rows are composed of 12 tufts each. All the bristles are 11 mm in length.
The bristle diameter is 0.16 mm. The bristle filaments have undergone end rounding. This toothbrush was chosen as the control toothbrush because a flat trim type of toothbrush is the most common type of toothbrush used for routine toothbrushing [ Figure 2 ].
Designing and development of the study toothbrush Toothbrush 2
Toothbrush 2 (TB2) is the study toothbrush.
Handle and shank: The handle has been made from a polypropylene copolymer SRM100NC. This copolymer has a property to soften when dipped into warm water. Hence, this material was selected as it increased the flexibility of the head, according to the user's convenience during brushing [ Figure 3 ].
Head: The toothbrush head has a tapering design, narrowest at the toe, and widest at the heel. The head is 27 mm long and 9 mm wide at toe end and 12.6 mm wide at the heel end. This difference in the width between the toe and heel of the brush head resulted in a tapered head design that ensures the accessibility of the toe end of the brush head, to the posterior difficult-to-reach areas of the mouth [ Figure 4 ].
The bristle design is multilevel, composed of 3 rows of bristles toward the narrow end and 4 rows toward the wide end. This type of a bristle configuration allows for better independent movement of the filaments at the toe end, ensuring better cleansing. 11 tufts of bristles per row are present, and the head contains 38 tufts in total.
The head is composed of 1-2 rows of inner short bristles and outer 2 rows of long bristles. The difference in the filament lengths results in an increased flexibility of the outer bristles and better penetration of the filaments into the interproximal and cervical areas, where plaque was cross-over, and ethical approval was obtained before conducting the study from the Institutional Ethical Committee.
Patients with a good general health and a minimum of 24 natural teeth were included in the study. Participants with systemic conditions, including pregnant females, patients currently on any medications were excluded from the study. Clinical examination was done to exclude patients with periodontitis, fixed, or removable prosthesis including dental implants and orthodontic appliances and participants practicing any form of chemical plaque control measures were excluded from the study.
Informed consent was obtained from all study participants before starting the study. The name, age, sex, chief complaint, and past dental history, etc., were recorded for each participant in a specially designed pro forma.
The participants were provided with TB1 and TB2 and were asked to use for 15 days each. The comfort and satisfaction of the study participants were assessed at the end of the study with the help of a self-constructed questionnaire. The questionnaire consisted of questions pertaining to the head and handle design, bristle design, accessibility of the toothbrushes, and overall comfort and brushing experience.
Statistical analysis
The responses of the study participants were calculated as percentage for each question of the questionnaire. The difference in the response among males and females was accumulation begins. Few tufts of bristles at the toe end of the brushing plane are longer, giving rise to a high tip. The high tip ensures better interproximal cleansing in the posterior areas. The longest bristles at the toe end are 11.6 mm long and the shortest bristles measure 9.2 mm, in the center of the brushing plane. The bristle diameter is approximately 0.152 mm (6 mil). The bristle filaments have undergone end-rounding to minimize tooth abrasion and gingival and soft ablations, thus increasing the safety of the toothbrush to oral tissues [ Figure 5 ].
Source of data
Sixty participants between 18 and 25 years of age reporting to the outpatient department, Department of Periodontics, K. L. E's V. K. Institute of Dental Sciences, Belagavi, were selected for the study. The study design 
Results
Fifty-seven out of sixty study participants completed the study, out of which 25 (43.86%) were males and 32 (56.14%) were females [ Table 1 and Figure 6 ]. The responses of the participants were recorded and tabulated [ Table 2 ].
When the responses of the questionnaire were evaluated, it was observed that a strikingly high percentage of the study participants preferred TB2 for its handle and grip (94.74%), flexible neck (92.98%) and a fairly high percentage (77.19%) for accessibility to the backmost teeth.
An association was found between males (TB1 -36%, TB2 -64%) and females (TB1 -12.5%, TB2 -87.5%), regarding the toothbrush having better accessibility to the backmost teeth. This association was statistically significant (P = 0.0360) [ Table 3 ].
Pertaining to the toothbrush having a better bristle design, an association between males (TB1 -48%, TB2 -52%) and females (TB1 -15.63%, TB2 -84.38%). This association was statistically significant (P = 0.0080).
An association was found between males (TB1 -15.38%, TB2 -84.32%) and females (TB1 -55.56%, TB2 -44.44%) for the toothbrush that had persistent residual debris. This association was statistically significant (P = 0.0270).
The toothbrush that provided an overall better brushing experience, there was a correlation between males (TB1 -44%, TB2 -56%) and females (TB1 -15.63%, TB2 -84.38%). This association was statistically significant (P = 0.0180).
Discussion
Dental plaque is a bacterial biofilm that has a complex configuration and is not easily removed from the surface of the teeth. It is estimated to contain between 400 and 1000 species of bacteria. The supragingival plaque is exposed to several self-cleansing mechanisms in the oral cavity such as saliva and frictional forces during mastication. However, the natural self-cleansing mechanisms of the oral cavity are unimportant in most populations. Therefore, to maintain oral health, regular plaque removal must be undertaken. [9] Toothbrushing is the most widespread, simple, and inexpensive means of plaque control. There is substantial evidence which shows that gingivitis and progressing periodontitis can be prevented by toothbrushing. [3, [10] [11] [12] Mechanical tooth cleaning and tooth brushing have been emphasized since 3500-3000 BC, the era of Babylonians and Egyptians, who made a brush by fraying the ends of a twig. [13] Around 1600 BC, Chinese developed chewing sticks made from aromatic tree twigs. The chewing sticks were gradually replaced by the first natural bristle toothbrush, made from hog hair embedded in bone or bamboo handle, developed by the Chinese. The first modern toothbrush was designed by William Addis in 1780 in England. The handle was carved from an ox thigh bone and the bristles made from cow's tail. Gradually, as toothbrushes underwent evolution, natural bristles were replaced by nylon bristles and toothbrush handles were made of plastic after the invention of nylon in 1938. [14] By the 1950s, brushes with synthetic nylon bristles were commonly used. By the late 1960s, increased awareness began to prevail regarding enamel abrasion and gingival recession due to hard bristles, following which soft nylon bristles became the recommendation of choice. Since then, toothbrushes have undergone a number of modifications in the handle, shank, head design, bristle configuration, diameter, and length.
In the current study, an attempt was made to design an ergonomic novel toothbrush with a unique head and bristle configuration and a flexible shank and compare it with a standard commercial toothbrush for their comfort and satisfaction among the study population, through a questionnaire.
When the responses of the questionnaire were evaluated, it was observed that a strikingly high percentage of the study participants preferred TB2 for its handle and [15] and Kieser and Groeneveld [16] have confirmed in their studies that angulated handles and neck resulted in significantly greater plaque removal as compared to conventional straight handles. A high percentage of females (87.5%) reported better accessibility to posterior teeth with TB2 as compared to males. This difference could be attributed to the lesser mouth opening and delicate personality of females as compared to males. Khare et al. [17] have confirmed from their study that Indian females have a lesser mean maximal mouth opening as compared to males, and this significant difference existed in all the age groups among males and females.
In addition, a higher percentage of females (84.38%) preferred TB2 in contrast to males (52%) for the bristle design. This difference could be attributed to the inherent nature of females to use softer bristles as compared to males even though the bristle diameter for TB1 and TB2 was similar (<0.2 mm-soft). As TB2 had a multilevel bristle configuration, there was better independent movement and flexibility of filaments, resulting in an illusion of soft bristles. A higher percentage of males preferred TB1 for the bristle design probably because the closely packed tufts in the flat-trim bristle pattern restricted the individual movement of bristles, rendering a psychological feeling of a medium or hard toothbrush. It has been observed in other studies that males perform a more vigorous brushing technique, preferably with a hard toothbrush as compared to females. [18, 19] Study participants (85.96%) did not experience bleeding from the gums with either of toothbrushes (TB1/TB2). This could be due to the absence of overt gingivitis among the participants at the beginning of the study, use of bristle filaments <0.2 mm in diameter (soft), and both the toothbrushes had undergone end-rounding of bristles. Breitenmoser et al. [20] evaluated the effect of filament end form on the gingival surface and concluded that manual toothbrushes with cut-filaments resulted in greater gingival lesions than end-rounded filaments. The slight bleeding experienced by the remaining 14.04% of study participants could be attributed to individual variables such as overzealous and forceful brushing.
It was observed in the questionnaire, majority of the study participants (68.18%) who experienced residual food debris even after the brushing exercise were present after the use of TB2. A high percentage of males (84.62%) experienced residual food debris with TB2, which was in contrast to the clinical findings. This finding could be due to the regular use of a medium/hard toothbrush by males thus making them perceive that TB2 was ineffective due to its soft texture and resulted in greater debris.
At the end of the questionnaire, majority of the study participants (71.93%) opted TB2, as an overall better toothbrush in terms of brushing satisfaction and comfort as compared to TB1. This could be explained by the better handle and grip design, flexibility of the toothbrush neck that could be adjusted and customized, a small tapering head and a unique bristle design of TB2. Although a majority of males (56%) and females (84.38%) preferred TB2, there was a statistically significant difference present among males and females. This could be probably explained by the larger head size and stiffer bristles of TB1 that were preferred by a section of the male participants.
Within the study limits, it has been demonstrated that the newly designed novel toothbrush provided an overall good and more comfortable brushing experience as assessed by the study participants. Hence, it could be stated that the flexible shank, small tapered head, and unique bristle design of the toothbrush provided better satisfaction among the study participants as assessed by the questionnaire. A significantly higher number of females, from the study sample, preferred the novel toothbrush.
Conclusion
Within the limitations of the current study, assessment of the questionnaire revealed that the novel toothbrush provided an overall good and more comfortable brushing experience as assessed by the study participants, attributing to the novel and ergonomic design features incorporated into the study toothbrush. The preference of female participants for the novel toothbrush highlights the need for reconsideration of the currently existing toothbrush designs. This provides an opportunity to explore the newer avenues for the manufacture of toothbrushes on the basis of gender.
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